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OSWALD THEODORE AVERY AND DNA 

ALKIN F. COBURN. M.D.* 

To one who had no scientific association with Avery’s work it seems 
appropriate to place the following information on the record. I am moti- 
vated to make this report because repeatedly I note that many persons in 
high echelons of science are unaware that Oswald T. Avery envisaged the 
implications of the discovery of his “transforming f&or.” As early as 1943 

Avery did indeed understand the significance of DNA in microbial gcnet- 
its, the discovery of which culminated his extraordinarily creative life as a 
member of the Rockefeller Imtitutc. 

Avery practiced meticulously the sermon that he often preached to his 
assistants and to the many younger collcagucs who came to him for guid- 
ance: “Apply your brakes when tempted to blow your own born.” His 
rigorous selfdiscipline, along with constant modesty and a deep hum&q 
-in the noblest sense of the word-made it impossible for Avery to go 
far beyond the “facts” in his published work. His high regard for the 
printed word deterred him from theorizing in print-only the “facts” 
were admissible-and his 0-n wisdom certainly prevented him from 
pointing out the great significance of his discoveries. perhaps even to the 
many young men who had the great good fortune to work with “the 
Fess” (short for professor). as he was called. 

Prior to rg4o 0. T. Avery was only a name-a name which belonged 
with Thcobald Smith, F. Gowland Hopkins, and Marie Curie, persons 
who had created ncvr disciplines for mankind to explore. Avcrv had 
opened the doors to the world of immunochemistry. an achievement 
vividly brought home by hlichacl Hcidclbcrgcr, who occupied the lab+ 
ratory contiguous to mine. Whenever Fess Avery was mentioned, Hcidcl- 
bergcr manifcstcd rcvcrcncc to such a degree that there was a distinct pause 
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in the conversation. For Hcidclbcrgcr and the many younger scientistswho 
had sought out Avery for advice on their rcscarch, the Fess was considered 
the mentor par excellence. It was well known that Avery examined every 
facet of a problem so thoroughly that the “consultation” rarely lasted less 
than two hours, and the research problem was frequently explored in depth 
for three to five hours. However, the Fess maintained a silence on his own 
work. 

This creative and sympathetic interest in the research of others touched e 
me personally in April 1942. Because I was ignorant of Avery’s studies in 
progress, our first meeting was cxcccdiigly pain&l to me. I had just 
been called on active duty by the U.S. Navy and was invited to attend an 
April meeting of the National Research Council in Washington, D.C. 
The subject to be discussed was streptococcal problems in the armed 
services, for already the navy was co&ontcd with a high incidence of 
rheumatic fever in the recruit training camps at the Great Lakes Training 
Center. More than a dozen distinguished civilian biologists were assembled 
in the conference room. There were tedious harangues about the strepto- 
coccal menace. Each speaker seemed to concentrate on the periphery but 
declined to take an aggressive stance. 

Finally, 1 was questioned. Nervously, I stated that without adequate 
preventive medicine or control measures, three things could rcasonabi) 
be expected to happen: (I) Th crc would be a high incidence and rapid 
spread of hcmolytlc strcptococcal respiratory infections. (2) Certain 
strains would develop *‘mutants*’ or “sports” that would be highly in- 
fective (as contagious a5 postinflucnzal strcptococal pneumonia in World 
War I at army camps in Texas). (3) Perhaps one or more of the strcpt+ 
coccal mutants would be genetically resistant to sulfonamides. 

There was dead silence when I had finished. Nobody spoke a word of 
agreement or approval; there seancd to be no intcrcst in what was ob 
viously a figment of my imagination. Presumably I had used words that 
were not acceptable in scientific circles-grnctk chunga. b~creriul vurintion. 
tnufonts, sprrs. 

Soon it was time to rcccss, and WC paraded to the lower level for a 
standup snack lunch. Chagrined. depressed, and fearful of reprimand for 
my shocking verbal goof, 1 picked up a sandwich and a bottle of Coca 
Cola and slunk into a far comer to recover horn my cmbarassmcnt. Then, 
although I had thought that not one person at our confcrcncc table had 
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believed a single word I had uttered, a short man with a soft voice joined 
me and said, “I was most interested in your remarks. Please tell me more.” 
Thus, 0. T. Avery, in hi gentle way, opened my flood gates, and I 
expressed my concern to him in detail. 

As I documented these statements with findings from our laboratory 
and rtfuTed to the recent report of Beadle and Tatum [I 1, Avery’s attcn- 
tion increased. It had not occurred to me that the FCS had any interest in 
bacterial variation; so I was surprised when he invited me to join him for 
supper on the train back to New York. I well remember that during the 
course of our dinner conversation he emphasii how much he wished 
he were my age so as to be able to work on some of the biological prob- 
lems that fascinated me. At that time, I knew only that Avery was spptico 

with the young naval officer who believed that changes in the genes of 
beta hemolytic streptococcus might result in diGrent biochemical 
mechanisms and increased infectivity for man. 

One year passed. It was March 1943. Hcmolytic strcptococcal infec- 
tions had become the navy’s greatest stateside medical problem, and the 
beds of the hospital at the Rockefeller Institute were filled with the navy’s 
enlisted men from New York’s pier number gz. Practically all of these 
patients were infzted with a single serological type, group A hcmolytic 
streptococcus (type rg). Avery’s sympathetic understanding back in 
1942 had not been misplaced. and 1 felt that it would not be too much of a 
liberty for me to express my appreciation by inviting the Fess to spend a 
Sunday with us before the navy transferred me to Portsmouth, Virginia. 

I met Avery at the North White Plains Station and drove him home. 
He suggested that WC take a walk. 1 looked at his highly polishal black 
shoes and his neatly pressed blue Sunday suit and hesitated. Nevertheless, 
he wanted to walk; so WC set out for a two-hour hike through Conycr’s 
orchard and the Round Hill Road back to our home. Except for this par- 
ticular day the Fess always wanted to listen prior to expressing his opinion 
and before generously offering sound advice. Howcvcr, on that March 
Sunday the dialogue was different; Avery wanted to talk; for once he was 
exuberant! 

He said, “You arc going away; I do not know when WC shall meet 
again; I want to give you a little infonnation that some day may be hclp- 
ful to you in your work.” For the only time in our many dialogues 1 had 
no idea what was on Avery’s mind. He said that on the prcccding day he 
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had reported at a meeting of the trustees of the Rockefeller Institute his 
work on the “transforming factor.” I was still completely in the dark 
until he described work done fifteen years previously by Fred GrifFith of 
London. At last, I began to tune in on Avery’s wavelength; Griffith’s 
name and work were familiar to me. 

It so happened that in 1931 Fred GrifIitb had urtmdcd to me a helping 
hand across the Atlantic Ocean in the serological identification of ~trcpto- 
coccus pyogmcs. But Avery, I knew, was dcdiated to the pneumococqs! 
What was the connection between these two bacteriologists? For two 
hours the Fees related his story, beginning with G&th’s 1928 publica- 
tion on the changing of the serologic type of the pneumococcus, which 
sparked Avery’s own research, and concluding with his report of the day 
before to his board of trustees on the chemistry of “the transforming 
factor.” 

Then came the climactic remark: the factor which transformed the 
genetically transmitted type of the pncumococcu s was desoxyribonuclcic 
acid! My first reaction, nor expressed aloud, was: “So what? How is this 
going to help us win the war. 7” All that I could then do was to thank the 
Fess perfunctorily for telling me his most intimate secret. My thoughts 
were wandering to triumphant Rornmcl in North A&a and the Japanese 
fleet around the Coral Sea. Nevcrthdcss, the fact that Avery had taken the 
trouble to brief me on a factor in genetic control of the pncumococcus had 
made its impression. 

The incubation period for understanding the implication of the informa- 
tion that Avery had given me was approximately eight weeks (rather lonp 
for an infecting agent!). By mid-May I was living In a room in Virginl;. 
with windows blacked out at night, only yards away from the waves of thr 
Atlantic Ocean. Weekly, German submarines wcrc sinking oil tankcr: 
only a few miles off shore. The war prospects looked as black as the bcacir 
did on the morning after an oil tanker was sunk. hly thoughts sought at! 
escape from the grim rcaliry ahead. It was under thcsc circumstances tha: 
I rcallcd what the Fess had told me as a gift for any future association wid: 
strtptococcal problems. 

Then flashed through my mind this idea: perhaps this dcsoxy-rib~- 
nucleic acid will not only change bacteria but will also modify Charles L. 
Hoagland’s culture of vaccinia virus. Perhaps it will change the geneticall! 
controlled biochcmiul mechanisms of all microorganisms! The cxcitc- 
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mcnt withii me was so great that I irnmcdiatcly wrote the Fess. Two 
things had suddenly become as clear as crystal: first, Avery, through his 
decades of dedication to the study of the pncumococcus, had at long last in 
his hands a substance of cn~rm~~s importance to microbial activit$ * 
second, 1 realized for the first time how deeply Avery’s work was founded 
on the discovery made by Fred Gri6t.h. It therefore seemed appropriate 
to send to Avery my picture of Griffith. Avery treasured this 1936 snap- 
shot of the English bacteriologist with his dog, Bobby, which it has been 
said was the only existing picture of F. GrifEith. 

Two years later, in January 1946, returning “stateside” after World 
War II, I revisited the Rockefeller Institute and lunched with Dr. Charles 
Hoagland. I asked casually, “What’s new in science Since I left these 
shores?” He responded immediately. He did not mention his own impor- 
tant work or the work of his colleagues at the institute. 

‘The geneticists,” he replied, “have caught on with enthusiasm to the 
significance of the Fess’s discovery of dcsoxyribonuclcic acid and arc very 
excited about it.” It was only thm, through the catalyzing mind of Charles 
Hoagland, that I rcalizcd for the fust time that the Fess had produced infor- 
mation that aansccndcd the microbial world and might even be involved 
in the genetic problems of mankind. Avery bad probably envisaged this 
when he “lectured” to me in March 1943. But always, as in the past, 
Avery kept his foot on the brakes and gave me only the 6cts which might 
be relevant to my own microbial research interests. 

During the next decade (both in New York and in Nashville) Avery cx- 
prcsscd to mc his interests m the pursuit of certain studies with the collab- 
oration of a geneticist. Later he explained why he prcfcrrcd to lavc the 
next step to others. This decision ht had made prior to that crisp fall 
morning in 1952 when Dr. Roy C. Avery brought in the morning news- 
paper. The front page proclaimed that the Nobel Yrizc had been given for 
the discovery of streptomycin. 0. T. Av- seemed pleased that an Amui- 
can bacteriologist was the recipient. 

Recently, after the passing of nearly a quarter century, I received an 
inquiry from one of America’s most distinguished geneticists. a member of 
the cotEric of Nobel laureates spanned by Avery’s idcntifiation of his 
transforming factor. The question posed was: Did Aveq ever understand 
the implications to genetics ofhis own discovery of DNA? The answer was 



obviously “yes.” Had the brilliant gcncticist been c&founded by Avery’s 
modesty? 

1 replied that I knew from a conversation which I had held with 0. T. 
Avery in 1943 that he was certainly aware at that early time of the signifi- 
cance of his transforming factor for microbial gcnctics, and probably also 
of its implications for human genetics. In any case, Avay was certainly 
aware of the broad implications for mankind before 1946, since by then 
the geneticists were cxprcssing kern interest in his work on dcsoxyri- 
bonuclcic acid. I only wished in replying to the inquiry that there wue 
some way of documenting the substance of the conversation that Avery 
and I had had in March x943. There were no letters; Avery budgeted his 
correspondence! He wrote to his family, and he was meticulously careful 
to send “bread and butter” thank-you notes, which his hostesses found to 
be masterpieces of gallantry. Until rg6g I was unaware that he had 
written anyone concerning the implications of his great discovery. It 
was logical to assume that my letter of May 1943 to the Fess, in which I 
recalled our March conversation. had no doubt long since been destroyed. 
At least this is what I presumed years a&r 0. T. Avery’s death. 

Fortuitously I wrote to the Fess’s brother, Dr. Roy C. Avery, in Nash- 
ville and made a personal request. Could I have back the only available 
snapshot of Fred Gri&h sent to the Fess in May 1943, the picrurc that hi 
had framed and always kept on his desk? I heard nothing for months and 
concluded that the picture had been thrown away. In due course. how- 
ever. Dr. Avery located the picture cached in a trunk. When the fram: 
was rcmovcd for mailing, he found chat an extraneous object had hrc: 
placed as a backing for the picturtmy letter of May 25, 1943 to ti>: 
Fess. which revealed my excitement upon catchinE on to the sipniilc?ncr 
of what Fess had told mc tha.t March Sunday morning in 1043 ! 

To document this narrative I submit: (I) A snapshot of 0. T. AVC~ 
taken a&r dinner on a Sunday in March 1943, the day after hc ha? 
announced informally to his board of trustees that he had discovered tha: 
his “transforming Eactor” was dcsoxyribonuclcic acid. (2) My letter to 
Avery in 1~13. found nearly a quarter ccntuy later incarccxtcd by t:~r 
Fess in the fiamc of the picture of his peer Fred Griffith of the Eri,i& 
Minisq of Health. a rare biologist whom he had never met but to whnx: 
he must have always felt indebted. 

Since draf%ng this exposition 1 have been informed that the subsxncr c,i 

628 
Ah F. C&urn . OsuvJd Thtodmc Avry and DN.4 
Pm-ptaiws in BioJm and hfrdicinc - Summcr ,969 



. 

\ 



. 



.  r  

.  

.  

Avery’s h k m h  1 9 4 3  rev& ion  to m e  was  r e c o r d e d  in  a  kttcr o f M a y  13 ,  

1 9 4 3  to  h is  b r o th e r , Roy  C. Avery.  This  was  pub l i shed  in  p a r t in  1 9 6 4  by  
Cars ten  Brcsch [2, p. 1 3 0 1  as  fo l lows: 
Die  mo leku~ re  G n m d l a  
d icse E n tdcckung-wo hf 

e  de r  g e n e & & n  Informat ion Avery  beschr icb  a m  1 3 . ~ ~ 9 4 3  

s & m  B r u d a : ’ ’ 
d ie  gmste  d a  Gcnct ik  tit h 4 E N D E L i n  & e m  Br ie f  a n  

. . . B u t at last p a h a p s  w e  h a v e  it. T h e  act ive cubstancz is not  d iges ted  
by  crystal l ine trypsin o r  chymotrypsin,  it d o a  no t  lose activity w b a r  pcata l  wi th crystal- 
l ine r i boml&#  . . .po lysac& idcan~ranoved . . . . L ip idsanbecxnactcd. . .  
wi thout  impai r in  
tracts, trotal a n  8  

b io log ica l  ativity. ‘Ibe extract can  b e  deprotein izai . .  . . W h e n  ex-  
pur i f ied to this extent  . . . a re  fulthcr’fiactiotIated by  the dropwisc  

add i t ion  of abso lu te  ethyl  a lcoho l  a n  interest ing th ing occurs.  -  a lcoho l  reaches  a  
amcmat ion  of abou t  9/x0 vo lume  there  sepan ta  out  a  f ibrous subs tance w & b  o n  
st irr ing the mixture wraps  i tsel fabout the g lass rod  l ike th read  o n  a  spool .  . . . ‘Ihe f ibrous 
m a terial  k . . . h i gh1  
theoret io l  va lues  o  r 

react ive a n d  o n  e lementary  analys is  conforms very c losely to the 
p u r e  desoxyr iboa  nuc le ic  ac id  ( tbymus type). ( W h o  cou ld  bavt  

guessed  it). . . dcpo lymcrase  o p a b l e  of b ruk ing  d o w n  k n o w n  autbmt ic  samp les  of 
daoxyr ibosc  nuc le ic  a & d  has  b c m  found  to dcmoy  the activity of ou r  subs tance- in -  
direct ev idence  but  sug  t ive tbat the do rm ing  pr inc ip le  as  iso lated m a y  b e l o n g  to 
this c lass of chemica l  su%Lce .  . . . If w e  a re  r ight. a n d  of course  that is not  et p roven,  
then  it m e a n s  that nuc le ic  ac ids a re  not  m trcly suuc tunUy impor tant  but  unct ional ly  f 
act ive s u b s m n m  in  de te rmin ing  the b iochemica l  activit ies a n d  specifk chanctaistk of 

P - 0 2 ’ 
But  today it takes a  lot of wel l  d o c u m e n t e d  ev idence  to coov inac  a n y o n e  that 

c s m m  salt o fdcsoxyr ibosc nuc le ic  acid.  pro te in  f ree.  cou ld  poss ib ly  b e  e n d o w a d  wi th  
such  b io lop ica l lg  act ive a n d  spccik rope r&s  a n d  that is the cv idmcc W C  arc  n o w  uy ing  
to  pet. .  h  is lots of  fun  to b l o w  b u b b  P  a  bu t  it is w iser  to prick t ixm yoursel f  be fo re  tome-  
o n e  e lse  tl ia to:’ 

1  Or i+a l  i m  B u i a  o o a  R  C. Awry .  Vandub i l t  Univaxi ty.  Nuhvi l l i l le .  Tam.  

O n  N o v e m b e r  I, 1 9 4 3  Avery,  McLcod.  a n d  McCar ty  submi t ted for 
pub l icat ion their  ep ic  d iscovery [3]. ln  this r e p o r t th e y  cite as  the or ig in  
of their  work  the f ind ings of F. Gr i f5.b [4]. 

in  conclus ion,  in  March  1 9 4 3  ~ - h e n  conce rned  m-i tb sncptococcal  
ep idemics  [s], 1  l ea rned  that the sero log ic  type of the pncumococcus  
cou ld  b r  t rans formed by  dcsoxy ibonuclc ic  acid.  A n d  so  it c a m e  to pass:  
s ing leness ofpurposc,  cont inui ty of work.  a  laboratory  h a v e n  protected by  
the constant  v ig i lance of Rufus  Cole,  this summat ion  at l ong  last b o r e  a  
ra re  fruit. Avery’s devot ion  to the b io logy  a n d  chcmistq of o n e  bac ter ium 
over  the decades  p r o d u c e d  a  d iscovery--“= ~ o h .l d ie  grosstc in  dcr  Genct ik  
scit h l rndc l” [z). 1  t n ’as  the immunochcmis t  0. T. Avery  who.  wh i le  
mak ing  the mosr  signif icant cont r ihur ion to m o d e m  gcnctics. ushe red  in  a  
ncvI’ e ra  for the h u m a n  family. A l t hough  Avery  m a y  not  h a v e  u s e d  the 
term D.\‘,4, hc  was  certa in!? the first to dcmonst ra tc  its ro le  in  bacter ia l  
genet ics,  a n d  hc  was  o n e  of the fxst, i fnot the first, to env is ion its signif i-  
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cance for all mankiid. As a man of great wisdom he made no claims, and 
the enormous significance of his contribution to the future of science was 
overlooked by most of his distinguished peers. 

I share the reverence held by many for the selflessness and conservatism 
that character&d the Fess and wish that I could have presented this per- 
sonal ir&ormation anonymously, but there sccmcd no alternative to telling 
this story in the first person. In f&t, I shall complete this qposition by 
citing an example of Avery’s high degree of cautiousness as told me hy 
Dr. Yale Knccland of the Columbia-Prcsbytcrian Medical Center. This 
occurred during a drive 6om Manhattan to Long Island across the wind- 
swept Triborough Bridge. Dr. Knccland was at the wheel beside his 
passenger, Avery, who looked down at the dashboard and saw the indica- 
tor at the number 80. Avery inquired: “Don’t you think that we are 
travclling a bit too fist, Dr. Knccland?” The latter then also looked down, 
saw what was upsetting the ever-cautious Fess, and replied: “Dr. Avay, 
according to the speedometer we are going a bit less than 40 miles an 
hour. That’s the radio indicator that you are looking at!” 

I. G. W. Bwlannd E. L. TANM. Nat. Acad. Sd. (U. S.). Proc., 17:499.194x. 
z. C. Boot. K.hsskbe und mo&&rc &net&. Berlin: Spriqzr-VuLg. 1964. 
3. 0. T. Anzur. C. M. MCLEOD. and M. McC~!zn. J. Exp. Mai.. 79:137.1944. 
4. F. Gum. J. H~F.. 1;:113. 1028. 
5. A. F. Coam and D. C. Yomc. I-be cpidcmiolagy of bcmolytic sarptococcus. 

Balnmore: Willums B Wilkms. 1949. 

LOGIC 
A proicuor of qmbolic lopic 
Grew irked hy his task p&p+. 

He exclaimed to his class. 
“Evcrwnc ir an ass. 

And your logic is all zoolo~c!” 


